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 Scleral buckling is a well-established surgical treatment for rhegmatogenous retinal 
detachment (RRD). Despite the high anatomic success rate and simplicity of this procedure, 
postoperative complications, some of which are rare, do occur such as refractive changes, infection, 
intrusion and extrusion of the buckling element, strabismus, glaucoma, macular edema and 
submacular fluid, subretinal fluid, anterior and posterior segment ischemia, choroidal detachment, 
and chorioretinal blood flow alterations.1-20 However, little is known about the effect of the scleral 
buckling procedure on morphologic changes of the subfoveal choroid because it is difficult to image 
even with optical coherence tomography (OCT). Enhanced depth imaging (EDI) is a simple 
technique first introduced by Spaid.21, 22 Cross-sectional choroidal images are obtained using a 
commercially available OCT device by simply pushing the device close enough to the eye. This 
technique has furthered our knowledge of chorioretinal diseases such as central serous 
chorioretinopathy, polypoidal choroidal vasculopathy, and age-related macular degeneration. 
Changes in choroidal thickness have been reported in these diseases.23-26 
 The aim of this study is to report the morphologic changes of the subfoveal choroid using 
EDI-OCT techniques following scleral buckling. 
 
Patients and methods 
 Patient medical records of 23 eyes of 22 consecutive patients with RRD repaired by 
segmental scleral buckling from January 1, 2011, to October 31, 2011, were retrospectively reviewed. 
Patients with previous ocular surgery histories other than cataract surgery or pre-existing ocular 
diseases were excluded from this study. Patients with low-quality or blurred OCT images in which 
the chorioscleral interface could not be traced were also excluded.  
 All patients underwent a comprehensive ophthalmic examination at the pre- and 
postoperative visits including measurement of best-corrected visual acuity (BCVA), measurement of 
intraocular pressure (IOP) by non-contact tonometry, axial length measurement (OA-1000, TOMEY 
CORPORATION, Nagoya, Japan), slit-lamp examination, and fundus examination. Surgeries were 
performed by 4 of the coauthors (AN, HY, TO and TH). Retinal breaks were identified in all patients 
and were treated by transscleral cryotherapy. Mattress sutures were placed 8.0-8.5mm apart with 5-0 
polyester (MANI, Tochigi, Japan) for the segmental buckle and a silicone sponge (Mira No. 506; 
Mira, Inc, Waltham, Mass) was sutured as an explant in all cases. Neither scleral dissection nor 
extraocular muscle disinsertion was required for any patient. Subretinal fluid drainage was 
performed if necessary. Dexamethasone was injected subconjunctivally at the end of surgery. 
Betamethasone 0.1%, Moxifloxacin 0.5% and Bromfenac 0.1% were topically instilled 
postoperatively. Atropine was used at the surgeon’s discretion.  
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 OCT scans were performed by a single examiner (MK), who is experienced at performing 
scans using the spectral domain OCT device (Spectralis; Heidelberg Engineering, Heidelberg, 
Germany). Each session was performed at approximately 12 PM to avoid diurnal variations.27-29 Two 
high-quality, 10.5-mm horizontal and vertical line scans through the fovea were obtained for each 
eye. The line scans were saved for analysis after 100 frames were averaged using the automatic 
averaging and eye tracking features of the proprietary device. Fundus features were registered and 
tracked automatically to align follow-up scans with preoperative scans. 
 The retina was defined as the layer between the hyperreflective line corresponding to the 
internal limiting membrane and the outer part of the hyperreflective line corresponding to the base of 
the retinal pigment epithelium (RPE). The choroid was defined as the layer between the base of the 
RPE and the hyperreflective line or margin corresponding to the chorioscleral interface (Figure 1.). 
Because choroidal thickness is reported to vary significantly with location, axial length, refractive 
error, and age,30,31 we compared the pre- and postoperative subfoveal choroidal thickness in the 
operated eye. Subfoveal choroidal thicknesses were measured using manual calipers provided with 
the software of the proprietary device. Each subfoveal choroidal thickness from the horizontal and 
vertical line scans was measured by three of the co-authors (MK, AN, and HY), who were masked to 
the other test results, and values were averaged.23-25 The subfoveal choroidal thicknesses of 12 
fellow eyes without any previous ocular surgery history served as controls. The asymmetry of 
choroidal thickness in vertical OCT scans was also assessed in cases of buckling within either the 
superior or inferior half. The choroidal thicknesses 4 mm superior and inferior from the fovea were 
measured.  
Statistical analyses were performed using SPSS version 18.0 (SPSS Inc, Chicago, Illinois, 
USA). Analysis of variance (ANOVA) was used for the data obtained by sequential measurements. 
A value of P < 0.05 was considered statistically significant. In order to explore the clinical factors 
significantly associated with relative change in subfoveal choroidal thickness 1 week after surgery (Δ 
subfoveal choroidal thickness [%]), various factors such as age, gender, preoperative axial length, 
change in IOP at 1 week, preoperative refractive error, preoperative extent of retinal detachment, 
numbers of retinal holes/tears, the extent of quadrant-wise buckle and preoperative macular status 
were assessed using linear regression analysis, the Mann-Whitney U test and one-way ANOVA. The 
changes in choroidal thickness, 4 mm from the fovea, before and 1 week after surgery were analyzed 
on the buckled and unbuckled side using two-way ANOVA. Visual acuity (VA) was measured with a 
Japanese standard decimal visual chart and converted into logarithm of the minimal angle of 
resolution (logMAR) units for statistical analysis. Interrater reliability was analyzed for the 
measurements performed by three of the co-authors (MK, AN, and HY) using intraclass correlation 
coefficients. The coefficient of repeatability (1.96 × standard deviation of differences between pairs 
of measurements in the same eye during the same OCT sessions) was calculated for the 
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measurements of one of the co-authors (AN) according to the methods outlined by Bland and 
Altman.32-34 Coefficient of repeatability, expressed as a percentage of the mean measurement, was 
also calculated (this was equal to 1.96 × coefficient of variation).34 
 
Results 
 A total of 21 eyes of 20 patients were included in the present study. The excluded cases 
were one patient with a previous buckling surgery and one patient with low-quality, immeasurable 
OCT images. The demographic and clinical characteristics of the patients are shown in Table 1. 
There were no cases of scleral buckling straddling extraocular vortex veins. Representative pre- and 
postoperative OCT images of the operated eye and the fellow eye are shown in Figure 2.  
 Comparisons of pre-and postoperative clinical factors are shown in Table 2. The 
preoperative mean subfoveal choroidal thickness of operated eyes was 239.2 ± 91.0μm (range: 110.2 
– 414.5μm). The postoperative mean subfoveal choroidal thicknesses at 1 week, 1 month and 3 
months were 267.6 ± 96.8μm (range: 110.2 – 443.2μm), 250.6 ± 95.8μm (range: 16.0 – 425.8μm) 
and 239.4 ± 95.6μm (range: 102.3 – 437.0μm), respectively. There were statistically significant 
differences between preoperative subfoveal choroidal thickness and those at 1 week and 1 month 
postoperatively (p<0.01, p=0.045, one-way repeated ANOVA), but there was no significant 
difference between subfoveal choroidal thicknesses preoperatively and 3 months postoperatively 
(p=1.0, one-way repeated ANOVA).  
 Distribution of Δ subfoveal choroidal thickness (%) at 1 week is shown in Figure 3. No 
clinical factors were significantly associated with Δ subfoveal choroidal thickness (%) by linear 
regression analysis, the Mann-Whitney U test or one-way ANOVA (Table 3). The changes in 
choroidal thickness of the buckled and unbuckled side before and 1 week after surgery were not 
significantly different (n=8, p=0.589, two-way ANOVA, Table 4). 
 The interrater reliability was excellent for all of the measurements of subfoveal choroidal 
thicknesses, and the coefficient of repeatability, expressed as a percentage of the mean measurement, 
was less than 10% (range: 3.37 -9.91) as shown in Table 5. 
 
Discussion 
 In our study, the subfoveal choroidal thickness increased temporarily. While the exact 
mechanism by which segmental scleral buckling affects subfoveal choroidal thickness remains 
unclear, many studies have been designed to report ocular circulatory alterations after scleral 
buckling for the treatment of RRD.6-20 Most of them included the encircling procedure, and there 
seems to be some agreement that the encircling element affects retinal and choroidal blood 
circulation, although the results are somewhat contradictory. While some reports showed a 
progressive reduction and no return to the baseline value in chorioretinal blood flow after the 
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buckling procedure,7 others found a return in choroidal blood flow 3-6 months after surgery.13, 14 
Moreover, Diddie et al6 and Kimura et al15 showed that reduced retinochoroidal blood flow after the 
encircling procedure improved following the removal or relaxation of the encircling band. Takahashi 
et al20 reported some cases of vortex vein occlusion following scleral buckling for RRD. Using 
indocyanine green angiography, they presented the formation of venovenous anastomoses and 
remodeling of the choroidal venous drainage at least 3 months after surgery that compensated for 
venous congestion.20 However, the measuring methods, objectives, and follow-up period varied 
among these reports so direct comparison could not be made. 
 In our study, subfoveal choroidal thickness increased temporarily although there were no 
significant differences between the choroidal thicknesses of the buckled and unbuckled sides. These 
results may suggest that segmental scleral buckling and cryotherapy affects the choroid widely and 
almost evenly rather than locally. It is possible that venous drainage obstruction induced by the 
scleral buckle led to the hemostasis in choroidal circulation, which resulted in subfoveal choroidal 
thickening. The choroid may thicken in the acute postoperative phase to compensate for the 
hemostasis in ocular circulation. Subsequently, it may return to the preoperative level concomitant 
with a decrease in blood flow7, 12 or remodeling of the choroidal venous drainage20. Although there 
were no cases of the scleral buckle straddling the extraocular vortex veins from observations during 
the surgery in our study, there might be some incidences where a scleral buckle compressed the 
intrascleral vortex veins. This factor could not be analyzed due to the lack of an appropriate 
evaluation method but this might contribute to an increase in subfoveal choroidal thickness. 
 Another possible explanation for our findings is that the temporary increase in subfoveal 
choroidal thickness may be related to periocular inflammation. Two different randomized clinical 
trials of cryotherapy versus laser photocoagulation in scleral buckle surgery showed a statistically 
significantly slower visual recovery35, 36 and higher increase in postoperative aqueous flare35 in the 
cryotherapy group. In both of these studies, cryotherapy was performed intraoperatively, while laser 
photocoagulation was performed 4 weeks after the scleral buckle surgery. Although the relationship 
between subfoveal choroidal thickness and inflammation related to the surgical procedure and 
cryotherapy is still unclear, cryotherapy may induce scleral and choroidal inflammation, which may 
lead to subfoveal choroidal thickening. In this study, the number and duration of the applied 
cryotherapy could not be assessed due to the lack of data. However, it is feasible that the extent of 
the buckle can be related to the extent of retinal degeneration and the extent of the cryotherapy. 
Further trials are needed to compare the change in subfoveal choroidal thickness between the two 
groups of buckling procedure, i.e. with and without cryotherapy, to clarify the involvement of 
cryotherapy in the increase of subfoveal choroidal thickness. 
 Choroidal thickness has been reported to have diurnal fluctuations and the fluctuation 
range differed among studies from 8.5 to 13.9%.27-29 Our results showed a temporary and 
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statistically significant increase in subfoveal choroidal thickness with a mean of 13%, which was 
comparable to the reported fluctuation range. Therefore, scleral buckling may not affect the choroid 
significantly, at least assessed by OCT. 
 This retrospective study had several limitations, including a small sample size and 
short-term follow-up. Moreover, reproducibility of the choroidal thickness measurement using OCT 
is still debatable. The fact that the chorioscleral interface is blurred makes measuring the choroidal 
thickness more challenging. Because the chorioscleral interface had a blurred border, the traced line 
may differ among examiners even within the same chorioscleral interface. However, others found 
high inter-observer correlation21, high repeatability37, and high inter-system, inter-examiner, and 
inter-visit reproducibility38 in the choroidal thickness measurements. Our data also showed excellent 
interrater reliability and high repeatability. Moreover, although choroidal thickness has been reported 
to have diurnal fluctuations,27-29 a similar diurnal pattern was reported on different days28,29 and there 
were no significant variations in measurements taken at the same time point between days at least 3 
months apart29. We performed OCT examinations at approximately 12 PM to avoid diurnal 
variations. Moreover, subfoveal choroidal thicknesses in the fellow eyes showed no significant 
differences between pre- and postoperative examinations. This suggests that diurnal fluctuations had 
little influence in our study. 
 In conclusion, our study indicates the possibility of a temporary change in subfoveal 
choroidal thickness after segmental scleral buckling surgery. This may be the result of reversible 
subclinical microcirculatory dysfunction of the choroid. Further studies are necessary to clarify the 
relationship between the circulatory alteration, the effect of cryotherapy and the changes in 
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Figure 1. A typical optical coherence tomography image of a vertical scan of the retina. The retina is 
defined as the space between the hyperreflective line corresponding to the internal limiting 
membrane and the outer part of the hyperreflective line corresponding to the base of the retinal 
pigment epithelium. The choroid is defined as the space between the base of the retinal pigment 

























Figure 2. Representative optical coherence tomography images of a patient who underwent 
segmental scleral buckling and cryotherapy for primary rhegmatogenous retinal detachment. (Left 
column, row 1) A preoperative optical coherence tomography (OCT) image of a vertical scan. (Left 
column, row 2) A one-week postoperative OCT image taken at the exact location as the preoperative 
scan. (Left column, row 3) A one-month postoperative OCT image. (Left column, row 4) A 
three-month postoperative OCT image. (Left column, row 5) An overlaid OCT image of pre- and 
one-week postoperative OCT to demonstrate the change in subfoveal choroidal thickness. Using 
image analysis software (Image J), the preoperative OCT images (shown in black on white) were 
overlaid as a 50% opaque layer onto the postoperative OCT images (presented in white on black) on 
the base of the subfoveal retinal pigment epithelium. Black arrows: Black band represents the 
difference in subfoveal choroidal thickness. (Right column, row 1) A preoperative OCT image of the 
fellow eye. (Right column, row 2) A one-week postoperative OCT of the fellow eye. (Right column, 
row 3) A one-month postoperative OCT of the fellow eye. (Right column, row 4) A three-month 
postoperative OCT of the fellow eye. (Right column, row 5) An overlaid OCT image of the fellow 
eye. The choroid becomes homogenously gray because there is no change in subfoveal choroidal 




Figure 3. Distribution of the relative change of subfoveal choroidal thickness comparing 
preoperative values with values at 1 week after segmental scleral buckling and cryotherapy for 






Table 1. Demographic and clinical characteristics of patients who underwent segmental scleral 
buckling and cryotherapy for primary rhegmatogenous retinal detachment. 
 n=21 
Age (yrs) 40.0 ± 20.1 (16 - 71) 
Male gender (%) 57.1 
Preoperative BCVA (logMAR) 0.089 ± 0.18 (0 – 0.80) 
IOP (mmHg) 14.2 ± 3.2 (8.1 – 19.5) 
Refractive error (diopter) -5.6 ± 3.8 (-11.5 to +1.875) 
Axial length (mm) 25.6 ± 1.5 (23.11 – 27.34) 
Pseudophakic lens status (%) 4.8 
Preoperative macula status; macula off (%) 33.3 
Extent of retinal detachment (%)  
  1 quadrant 61.9 
  2 quadrants 23.8 
  3 quadrants 14.3 
  4 quadrants 0 
No. of retinal holes / tears (%)  
  1 85.7 
  2 14.3 
Location(s) of retinal holes / tears (%)  
  Superior half 72.7 
  Inferior half 27.3 
    Superior 19.0 
    Nasal superior 19.0 
    Nasal 0 
    Nasal inferior 4.8 
    Inferior 9.5 
    Temporal inferior 19.0 
    Temporal 4.8 
    Temporal superior 28.6 
All data are represented by mean ± standard deviation (range), except those representing percent 
(%). 




Table 2. Comparison of pre- and postoperative clinical factors of 21 eyes of 20 patients who underwent segmental scleral buckling and cryotherapy for 
primary rhegmatogenous retinal detachment. 
Time 
Subfoveal choroidal thickness 
of operated eye (μm) 
Subfoveal choroidal thickness 





Before surgery 239.2 ± 91.0 221.7 ± 81.8 14.2 ± 3.2 0.089 ± 0.18 
After surgery     
   1 wk 267.6± 96.8 
(<0.01) 
224.6 ± 81.6 
(0.45) 
12.7 ± 2.8 
(0.12) 
― 
   1 mth 250.6 ± 95.8 
(0.045) 
220.0 ± 81.0 
(1.00) 
11.8 ± 2.7 
(<0.01) 
0.048 ± 0.084  
(0.58) 
   3 mths 239.4 ± 95.6 
(1.0) 
219.3 ± 80.8 
(0.88) 
12.4 ± 2.6 
(0.031) 
0.018 ± 0.032  
(0.079) 
All data are represented by mean ± standard deviation. P values calculated by repeated ANOVA are given in parentheses for comparisons before and after 
surgery. 
IOP = intraocular pressure, BCVA = best-corrected visual acuity. 
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Table 3. Correlation between changes in subfoveal choroidal thickness and clinical factors in 21 eyes of 20 patients who underwent segmental scleral 
buckling and cryotherapy for primary rhegmatogenous retinal detachment. 
  adjusted R2 value, P value 
Relative change in subfoveal choroidal thickness (%) (mean ± SD)* 112.9 ± 12.5 - 
Age (yrs) (mean ± SD) 40.0 ± 20.1 R2=0.023, p=0.240
a 
Gender, male / female 12 / 9 p=0.120
b 
Preoperative axial length (mm) (mean ± SD) 25.6 ± 1.5 R2=-0.016, p=0.418
a
 
Change in IOP (mmHg) (mean ± SD)* -1.5 ± 2.8 R2=0.037, p=0.200
a
 
Preoperative refractive error (diopter) (mean ± SD) -5.6 ± 3.8 R2=-0.010, p=0.384
a
 
Preoperative extent of retinal detachment (quadrants) 1.5 ± 0.75 p=0.759
c 
Preoperative number(s) of retinal hole/tear 1.1 ± 0.36 p=0.270
c
 
Extent of quadrant-wise buckle (degrees) (mean ± SD) 107 ± 38.8 R2=0.141, p=0.053
 a
 
Preoperative macula status, on / off 14 / 7 p=0.815
b
 
SD = standard deviation, IOP = intraocular pressure 
*: changes are between preoperative and 1 week postoperative value, 
a
: Linear regression analysis, 




Table 4. Changes in choroidal thickness 4 mm superior and inferior from the fovea before and 1 
week after segmental scleral buckling and cryotherapy in patients of buckling within either the 
superior or inferior half. 
 Choroidal thickness 4 mm from the fovea (n=8) 
P value 
Buckled side Unbuckled side 
Before surgery  263.8 ± 90.8 241.8 ± 79.8  
One week after surgery 284.8 ± 74.3 262.8 ± 74.9  
Relative change (%) 108.0 108.7 p=0.589* 
*: two-way analysis of variance (ANOVA). 
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Table 5. Intraclass correlation coefficient and coefficient of repeatability of subfoveal choroidal thickness in patients who underwent segmental scleral 
buckling and cryotherapy for primary rhegmatogenous retinal detachment. 
Time / SFCT 
Operated eye (n=21) Fellow eye (n=12) 
ICC (95% CI) CR (1.96 × SD/Mean)(%) ICC (95% CI) CR (1.96 × SD/Mean)(%) 
Before surgery /     
  Vertical scan 0.99 (0.98-1.0) 5.46 0.97 (0.91-0.99) 7.10 
  Horizontal scan 1.0 (0.99-1.0) 5.17 0.98 (0.95-0.99) 6.56 
After surgery /     
  1 wk: Vertical scan 0.99 (0.98-1.0) 3.88 0.97 (0.90-0.99) 4.83 
        Horizontal scan 0.98 (0.96-0.99) 4.35 0.99 (0.96-1.0) 7.00 
  1 mth: Vertical scan 0.99 (0.98-1.0) 5.09 0.98 (0.93-0.99) 9.91 
        Horizontal scan 0.99 (0.98-1.0) 3.37 0.99 (0.95-1.0) 7.01 
  3 mths: Vertical scan 0.99 (0.99-1.0) 8.87 0.99 (0.96-1.0) 7.86 
        Horizontal scan 1.0 (0.99-1.0) 5.09 0.99 (0.97-1.0) 7.00 
SFCT = subfoveal choroidal thickness, ICC = intraclass correlation coefficient, CI = confidential interval, CR = coefficient of repeatability, SD = standard 
deviation. 
